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Context

The offshore extraction of petroleum in deeper conditions increases day
after day and favors the conditions of hydrate formation (low
temperature and high pressure), representing a great concern in flow
assurance. Actually, another parameter comes into play, because as the
oil/gas fields matures, the fraction of water increases.
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- Determine the equilibrium points (P, T) and Composition of each phase (gas x©, liquid xL, hydrate x").

Table 1. Molar compositions of the studied gas mixtures (std
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Figure 2. Calculation procedure (see also [1])

Experimental results

Validation on others experimental results
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Figure 4. Experimental and literature
[2,3,4] equilibrium data of pure CO, gas
hydrates.
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Study, from an experimental point of view, the gas hydrate formation of various hydrocarbon gas mixtures in an instrumented batch reactor.
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Gas Mixture

1. Cryostat

2. Reactor seil (2L1)
3.Sapphire window
4.Gas cylinder
5.Stirrer

6. Temperature sensor (Pt 100)
7. Liquid Sampling

8. Gas ROLSI Sampling

9. Online Gas Chromatography
10. Helium alimentation

11. Pressure/Temperature view
12. Data Aquisition

10 He

[3. HPLC pump

Figure 1. Experimental set-up
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Assumptions:
Ax./x. = 3% (mol. Frac.),
AT =0.2°C,
AP = 0.1 bar,
Am,, = 0.1g (of mass of
injected water),
Am,, (lig. sample) = 0.1g,
AV, = 3% (Reactor Volume),
Ap,, = 10 kg.m?3,
ApP =40 kg.m3,
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Figure 3. Experimental procedure

Others experimental results on gas mixtures (example)

%0 Figure 6. Experimental data of CH,-C,H,-
e Experimental data C;Hg gas mixture...
— 90 -
___gi_ o * ... and numerical results in the table 2 below.
v 40 - « °® e Xgas Xgas Xgas Xhyd Xhyd Xhyd Hyd .
- o ® (C1) (C2) (C3) (C1) (C2) (C3)
?} 30 s ® 99.18 0.57 0.24 88.18 7.08 473 6.27
a 98.96 0.77 0.27 86.60 7.95 545  6.46
98.63 1.01 0.37 8510 8.76 6.14 7.32
20 | | 98.18 1.33 049 8443 894 663 6.65
0 5 10 9752 1.87 061 8431 885 684 805
Temperature (°C) 97.16 2.08 0.77 8390 874 736 8.90
96.75 2.32 093 8244 831 925 7.59
96.39 2.48 1.13 8196 8.12 9.93 838
96.02 2.60 1.38 80.69 7.74 11.57 10.05

Other data available in the full text.
Most of the experimental data were obtain from quick crystallization process

One experiment from slow crystallization to detect a possible kinetic effect (see [6])
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and are in accordance with literature data.

The molar composition at equilibrium for gas mixtures are given and present uncertainties inferior to

4% (for both gas phase and hydrate phase).

The modeling part is presented in [6] and discuss the relevancy of thermodynamics in this case

[1] Herri JM., Bouchemoua A., Kwaterski M., Fezoua A., Ouabbas Y., Cameirao A, Fluid Phase
Equilibria 2011:301:171-190.

[2] Robinson. DB, Mehta BR., J.Can.Pet.Tech. 1971(10):33.
[3] Adisasmito S., Frank RK., Sloan ED., Journal of Chemical and Engineering Data 1991(36):68.
4] Yasuda K,. Ohmura R., Journal of Chemical and Engineering Data 2008(53):2182-2188.

5] Thakore, J.L., Holder G.D., Industrial & Engineering Chemistry Research 1987(26):462.

6] Herri JM, Le Quang D, Kwaterski M, Bouillot B, Glenat P, Duchet-Suchaux P., In: Proceedings of
the 8th International Conference on Gas Hydrates (SN460). 2014.



